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(54) KETENTEON OF FILLERS AIND FENES (EN 
PAIPER PRODUCTION 

« 

(71) We, Calgon Corporation, a corporation organised and existing under 
the laws of the State of Delaware, United States of America, of Robinson Township, 
Allegheny Coimty, State of Pennsylvania, United States of America, do hereby declare 
the invention, for which we pray that a patent may be granted to us, and the method 
5 by which it is to be performed, to be particularly described in and by the foUawiiig 5 

statement: — 

This invendon is concerned with retendon aids in the paper industry. 
In papermaking, retention is generally defined as the retaining of inorganic 
fillers, suc)i as day and titanium dioxide, as well as cellulosic fines within the paper 
10 sheet during manufacture (such as on a Fourdrinier machine). The letention' obtained"'- W 
on the wire screen is a function of different mechanism such as iiltradon by mechanical 
entrainments dectrostatic attraction, and bridging between cellulosic fibers and filler. 
However, since both the cellulose and many conmion fillets are electronegative, they 
are mutually repellent and, in the absence of a retention aid the only factor tencHng . 
f ^ to enhance retention is mechanical entrainment. 

Generally, renention aids are used because of the high cost of pigments, such as 
dtanium dioxide. The- use of the retention aids adds considerably to the amount tsi 
such pigments incorporated into the wet vnb. In addition, the retention aid can app!r&- 
dably reduce the suspended material in the paper-madiine whit&-water efHuent and _ 
so reduce the consequential pollution problem and loss of plgtnei^ ~ r 

Retention aids are conmionly used in the manufacture of spedalty paper finishes 
such as bond paper, and "printing" paper, vfhm high loading of pigment .and/or 
filler are required. The ftmction of the retention aid is to bind the fiUer to the 
25 cdlulosic fibers without mechanically blocking the pores, in the paper sheet, , therdjy ^5 
not adversdy effecting the drainage properties of the wet piper wd). This can: be best 
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(54) RETENTION OF FILLERS AiND FFNES «IN 
PAPER PROtDUCTTON 



(71) We, Calgon Corporation, a corporadon organised and ejdsting under 
die laws of die State of Delaware, United States of America, of Robinson Township, 
AUegheny County, State of Pennsylvania, United States of America, do hci^y dedarc 
me invention, for which we pray that a patent may be granted to us, and die mediod 
5 by which it is to be performed, to be particularly described in and by the foHowine 5 
statement: — «^ ^ 

This invention is concerned with retention aids in the paper industry. 

In paperraaking, retention is generally defined as die retaining of inorganic 

in 1. ' ^ ^^^^ titanium dioxide, as weU as ceUulosic fines within the paper 

sheet during manufacture (such as on a Fourdrinier machine). The retention obtained 10 
on die wire screen is a function of different mecham'sm such as filtration by mechanical 
mtrainment, electrostatic attraction, and bridging between ccUulosic fibers and filler. 
However, since both the cellulose and many common fillers are electronegative, they 

J. are mutually repellent and, in die absence of a retention aid die only factor tendimr 

. to enhance retention is mechanical entrainmcnt 15 

Generally, retention aids are used because of the high cost of pigments, such as 
utamum dioxide. The use of the retention aids adds considerably to the amount of 
such pigments incorporated into die wet web. In addition, die retention aid can appr©- 

20 ^^^K *^ suspended material in die paper-machine ^ite-water effluent and 

so reduce the consequential pollution problem and loss of pigihem. ?^ 

Retention aids are commonly used in the manufacture of specialty paper fim'shes 
such as bond paper. and printing" paper, where high loadings of pigment and/or 
filler are required. The function of die retention aid is to bind the filler to the 

25 cclluloac fibers wiriiout mechanically blocking the pores in the paper sheet, diereby 
not adversely effecting die drainage properties of die wet paper w^- This can. be best 
•accftmpliAed by; producing a microftoc of the filler, diroiqgfe the kdsorption^^ die 
polymeric retenti<m aid wito die cellulose i5bers which become charged and attract 
die oppositely charged pigment or filler. 

30 High-speed paper-making machines may run from 1,000 to 2,600 feet per minute, an 

and some machines run at. speeds of up to 3,500 feet per minute. Clearly, any 
adverse effect upon drainage characteristics will result in a reduction in the machine 
speed.' 

u J ^^^ys^^anM^ies in which about 3% to* 35% of die ainide groups have been 
35 hydrolysed to carboxylic acid groups have been used as retention aids in die past. Sudi 35 
a rctenuon aid. could adversely affect drainage properties as it may Overfloc the pigitient 
It is ^sential for alum to.be present for such a retention aid to work effectively, and 
the aid is effective only over a narrow pH range. The retentiwi value can fluctuate as 
much as .20% with small variations of pH or alum loadings. 
40 ; U.S. Patents 2,884,058 ^d 3,077,430 disclose die use of caain acrylamide 40 
copolymers as dry-strengdi agents when used in certain concentrations. 
^^__JFor_high-quality paper filled with titanium. 4io3rid^ rpsfn.is customarily .used, as 

SEE ERRATA SLIP ATTACHED 
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a size. Alum is used to set the rosin, i.e. to insolublize and fix the losin, and also 
to make the paper system acidic The alum may function as a link betweea die anionic 
pigment and the negadvely diarged cdluloslc fiber, and also funcdoos, to a degree, 
as a flocculant. Generally, the cellulosic pulp, on a diy basis, contains about 9 J% 
to 2% rosin, and has a minimum alum content of about 10^20 pounds per ton. How- 
ever, paper mills customarily use about 40 pounds of alum per ton of dry pulp in 
order to ensure the desired pH range and rosin sizuig. Also commonly used are syn- 
thedc sizes, such as diat sold under the Trade Mark " Aquapcl which are cured 
at a neutral or alkaline pH; die anionic acrylamide polymers do not funcdon effectively 
as retention aids in these systems. 

The pH and al\mi load of paper systems are generally interdependent to a certain 
d^ree, althougji acids such as sulfuric add may be added to the pulp to reduce the 
pH to a desired range in the case of low alum loads. 

In accordance with the present invention, there is provided a mediod of improving 
the retention of inooiganic filler and fine cellulosic material in the production of paper 
that comprises adding to an aqueous paper pulp suspension a linear amphionic copoly- 
mer of molecular weight at least 10000 having units of the general formulae: 



C(b CHz 



NH2 



CH— 
0 



w 



in which each of R and R', which are similar or dissimilar, is a Ci_u alkyl, ^-pro- 
pionamido or carboxymethyl radical and x and y are such that («y+y) : x lies 
witiiin the range obtained by copolymenzing acrylamide and a diallyl quaternary 
ammonium chloride of formula: 



(CH3= 



R 

I 



CH— CH2)2N-^ 



Cl- 



in a weight ratio of fix)m 3:7 to 7:3, xito is from 100: 1 to 2: 1 and is an alkali- 
metal or ammonium cation. 

It is to be understood that the formulae throughout the specification and claims 
are intended to define the units and die proportions in which they appear and not to 
make any implication concerning their distribution in the linear chdn. 

The polymeric molecules used in the process of the present invention contain 
both positive' and native ionic charges and are of value as retention aids because 
their activity is less affected by variations in pH and the chemical content of the 
aqueous paper pulp suspension, so that tiie recenrion of cellulosic fines, fillers, pigments 
and other chemical additives is aided and improved and variations in alum load 
and pH have Utde or no adverse effect on the retention. 

piaUyi-iSTPrPPipnainidocarboxymethyl-ammonium chloride may be used as a 
Hionoiher in the jmductipn of the polymers of the present invention. This monomer 
may be prepared by heating diallylamine at about 60® C for 5 hours with acrylamide 
to form diallyl-j(?-propionamidoanune and then treating this compound with die 
sodium salt of chloroacetic acid at 80° C for 8 hours, whereby a quaternary salt is 
formed with one positive site and one negative site. The diallyl-jjff-propionamido- 
carboxymethyl-ammonitun chloride monomer may be considered as oanferring 
amphionic properties upon the polymer, since it has both a positive charge and a 
negative charge site. 

Among alkyl groups which may be represented by R and Ri may be mentioned 
methyl, ethyl, propyl, isobutyl, hexyl, decyl, dodecyl, and octadecyl. Preferred sub- 
stitutes arc methyl and ethyl groups. Mixtures of various diallyl-ammonium chloride 
compotmds of the above formula may be used as desired. 

At the present time, economic considerations generally dictate the use of simply 
constituted monomeric materials, e.g. acrylamide itself, rather than chloroacrylamide, 
N, N-dimethyl-acr\iamide, mcthacryiamidei or diacetone-acrylamide for mstancc, 
aldiough these compounds may be used. 
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quaternary compoundis^S ^T^to'l 0 jSl^ the mole ratio of aoylainide to 
at least 10,000:V1ote « ?te noi»J^7 Mo'""^" weight of the polymer must be 
preferred. *e polymer is wateivsduWe, higher mofcculi weights are 



units. The^Ml^STrfto b^Z>I^J^^^l^^,^ hydrdysed to carboxyKc 
10 quaternary ^o^fcSl St^th?»ef^?^ 'ZoV.^" preferably^'lO 

per carboxylic group, about 43'/ of tL TmMr!I!r quatcmaiy units lo 

for iJ^« SteclTSSillZtr'^ relati^rS caustic alkali, 

15 mixing « a^J^^-^-of^fSo^^y ^"~lution, with very^ 

wiU have is to raSd^hSmlSiJin "^^^..^^^ temperature variation 15 

orcarbonatemay KeSk'SlSKS'^c^^ " '^"'^ 

chJde^as^yS &3^aS''tir^""K"'"f"^ « diaUyl-ammonium 

25 suitable lado is 95: 5. ^ ^ * ^ ^'^^J although die most 

qua.^i^Si^^Stn^'r^Lrr'™^ ^^'S •"=^''« '^m- 
US Pa^ts 2^701 M7218 i?^Li"T' i""""^' 
may be made bv stolto t«*nildl used in tiris inventira 

30 and the hydro&Tep bS^" p;es^nTS h^^^ 

ducted in kn ac^ieous soSufineTS? ™S P«f«aMy, the reaction is con- 30 
of making the unhydr^^ c^^fJ^Jflj^S^ J«« »ny mediod capable 

longasdif polym«.t:SteT^TShmcli^^ - 

35 peri«i^l^?erA?teSSelv^4^^^ ^««"» 

a set and controllable rat^f^SSl^'lj! T^T^ " convenient point where 35 
lie in *e range 20° t?90?^c7i5e£wr3rtt^^^^ temperatures preferably 



seleci^SrroolSi^'^^Jth'"^ "P^''-'- 

and 4e temperatLe r^^ES^vS f hydrolysis rate 
of tima WhM this pol^ttoru^k '° * convenient period 

are hydrolysed to SSw ^^^^ hydrolysis, the carboxamido ^ups 

as desired, to achieve p^^es "'"^ ''^ 

dcirS'^po^^Tfl^t Sd?,£'^tHr^'"«.'''^'' ? p^p- p">p « 

as it is bdne fMn^«« » the retennon of fibers and additives in the papw 

diat die inuSdocdon of the poT4^SJ^pH h^^^ °^ *^ imeatiaa 

lead to an imtm»v«d iw^Ho^^f n paper-making pulp wiU 

especially piSTtd^E^l'L^ SJ? ^ .^^^^.^i-^f^ Stives 



40 



45 



especially pi^t »d fiU^r o'^r a S^SL o1 oH ^d*fh""r -^^^ » 
ditions. Further thiw ^uIJl j • range oi pH and other dieoucal am- 

been demonstrated bv die LlvniM^Af^^f^— ^'"? characteristic has 

with the worW arZnT« K.^u°^ P"?^ invention, as shown in connection 

retention dSThS^y no m'or^"17/ in "T^^ «»pWo„ic pofymeric 
60 load ranges of 1 tn ion « i ^ retention values across alum 

of 3.5 ^* per ton of dnr pulp, and across pH ranS 60 

toan ua pound per am of dry pulp, and in nonnal practice die. retention aid vS 
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not be used in amounts higher than 2 pounds per ton of dry pulp for «o~n»j™»?^ 
Swiou^^ Tome cases more n^tention aid may be used ^J^'^'^J^^^ 
liKan^ five or even 10 pounds per ton of dry pulp. JVlixtures of retennon aids 
ST^'iJd a"d«^ m reten^n aids of the present invention i^^^^ 
no d.Sin«ntal effect on the dry sotngth of the paper when used m the above «n- 

"°"SaUy, the poljmers used in the method of the invention may be produced by 

"^T^S^^r. comprising a 50/50 weight, ratio of acrylamide «, dgjyi- 
miatmi^S^onium monomers at 20% total solids is prepared m aqueom soluora. 
^JrflrfX monomer solution is adjusted to 6 5 with dilute NaOH soIuDon^ 
Ae sSutiM Is then heated to 50^ C and held at diis temperature while it is purged 
Sdil^SSn gS for a l-hour period to nanove all dissolved oxygen. To this mon«ner 
wSiK^^^Uerization catalj-st s>-stem is added comprising an aqueous solu- 
tion of rNH.%S..O. and NajSaO, in the following manner: . 

0 24y kmm^^ P«^ulfate based on the weight of the monomer « added to 
the ^m^>Xl Then a dilute solution of sodium metab sulfite « P"»P!j5» *^ 
^iZZr mliition at such a rate as to maintain a concentration of 6.58 x 10" moles 

rf't:.;? mon^^^^^ 'S^L^SS"zaL?Jrno^'auTr! 
die polymerteition reaction at a controlled rate. The ^^y^^^^^^l^^S^^^ ^ 
du^ under adiabatic conditions so tiiat the temperature of die solution nses from 

sno r to about 75° C within about an hour. . i.,—-, 

t^nerature fc dien held at about 60° C for an hour, producing a hyper- 
viscoi a<;S sSution a water^oluble polymer, for example one having umts 

of fonnuiae: 



I I 

CI 



CHg-CH CH^-CHy^M- 



/ 
Cffs 



CH2 J 
Cffs 
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in which 



is the figure resulting from polymerization of equal weights of 
acrylamide and- the mixture of diaUyl quaternary ammonium chlorides, X/Z is 

neatinf Sc soSn with an appA.priate amount, for !f>^\^°^^ 
The units have the fonnuiae 



Cf^ CH^ 



Y'W L 



dip CH^ - 



z L 



Id 



where ^^^2 is about 10/1, and the units arc in a linear chain. 

S^umtS St™'^' moiSners such'^as Wptopior^do monomers pre- 

:?SrSntion^ n^y be u^.^* .»5»y|S?'''^RS' »dVuUen ' are Trade 
The following Examples, m which Separan , KCtcn ana iviuu«i 

Marks, illustrate the invention. 
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^ . ESfAMPLH I 

*«hS!;?^^ ffitpolyina: of aaylainide, dimcthyl-dianyl-amnioiiimn chloride, and 
aiethyl-diailyl-ammomumdiloride. ^^'^ auu 

To make 100 lbs of a terpolymer of, by weighs 50% aaylamide, 2.5y dicthvl- 

ffldfJ^S^m A^°"l (DEDAAQ, and 47.5% ^di^yl-diV-^m.«2m 
chlondc (DMDAAQ, a diarge was prepared oomprisinR 74 8 lbs TOter 10 n« 

?im" r£,wh '^"""."I of EDTA and sodium saHwiie 

fl?l,lfhi.^if^5,'^'^'T*' ^'-^ '"'^ ^ with nitmg^gas 

AJTsl^:„!i^'^ ST «unmomum petsulfate in a smaU imount of wa^^ 
4m added and mixed for 5 minutes. 4.89 grams of sodium bisulfite in 250 ml/H^ 

aL^^o CT^nifSi/^ ml/min until consumed. The reaction completed at 

on?ho;i •^'.IT^'^ ^'^ '^"^ ^ C where it was held for 

one hour, m fatty reacted polymer was then hydrolysed by pumping into it a 20V 
a)Iution of KOH M a rate of 26.5 ml/min. for 30 minutes. li^SuZ mo ^! 
Stir^lir-S '«'dting polymer solution was dr^SSSr^cc 

«f A^or '^^* The polymer was hydrolysed to die emit of ten mole percent 
or the quaternary ammomum groups. 

rh. 1^' ParaaUy hydrolysed prfymer produced above was used as a tetention aid in 
Aelaboratory production of a typical bond paper by making 43 lb./3000 fL= hand 
sheets usmg a vaUey handsheet machine. The retention aid was added to theTa 

^ ^^'^ «^*^on in an amount equivalent to in 
m^t^ A-ir retention aid per ton of dry pulp. In this series of Sboxatory expii- 
mmts different levels of alum were used to determine the effect of changes inK 
loadmg upon retenaon. ^ 
The results are shown in Table I. 
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Table I 

Percent retention of pigment (pH — 4.9, adjusted with HeSO«} 



With retention aid 
of £xa]iq>le I 

Without 
retention aid 



0 lb/ton 
Alum 


40 lb/ton 
Alum 


80 lb/ton 
Alum ' 


82.8 


81.5 


79.8 


48.6 


54.6 


55.2 



This polymer w^ also compared to a cationic polymer, " Reten 205 which is 
^ 1*^ ° "^^^ acrjdamide (95% by weight) and the medioi^rffate salt 

of dimethyl-ammoKthyl mcthacrylate, and also to "Sqwnm PG— 24", a sUehtlv 

"^'^ *°> " homopolymer of aciylamide in which 5% of the 
S„r* W?*"^ carboxylic add groups. The comparison ^ made 
« ^^".ri? ^.^^5™ ^^'^'^'^^^ sulfite pulp beaten to a Canadian 

35 Sandard Freeness of 260 mL The system contained one peJcent losin, 15 pereem 

^I?T«f T"™? °^ H8°*heets having basis weights of 37.5 pounds 

^ « ^ *«= retention determined. The tesiStt are 

Snown in 1 able II. 
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Table II 
Pecoent Retention of Fines 





rced rare 
lbs/ton 

rfrv nultt 


pn Q.J 
10 lb/ton 
altrm loadins 


J.J 

20 Ib/ton 
alum loading 


dH 4.8 

40 lb/ton 
alum loading 


Control 


0 


55.5 


61.2 


56.9 


Ex 1 


0.37 


75.2 


81.1 


81.4 


Ex 1 


0.31 


74.2 


80.6 


79.7 


Ex 1 


0.275 


71.4 


78.9 


78.2 


Separan PG— 2 


0.5 


66.0 


78.9 


76.9 


Retea 205 


0.4 


73.5 


75.0 


62.6 



Example II 

Hydrolysed tetpolymer of acrylamid^ DMDAAC, and diallyl-bcta-propionamido- 

methyl-ammonium chloride. t%»#iaa a/^ c 

5 The system of Example I was followed to produce a pol>Tncr of 47.5 DMUAAf-, 5 

500% acrylamide, and 2J% of the beta-propionamido compound. As with Example 
I, the polymerization reaction was awnplcted at 75^=* C, the temperature was loweral 
to 60° C for one hour, and the polvmer hydrolysed to the extent of Y^o^ 
number of quaternary ammonium groups by pumping a 20% solution of KOH mto 
10 the product for 30 minutes at 25.9 ml/min. 

Example III 

Hydrolysed terpolymcr of 50% aciylamide, 2.5% caiboxymethyl-beta-propion- 
amido-diallyl-ammonium chloride and 47.5% DMDAAC • *? i 

Again, a 20% monomer batch solution was made and polymerized as m Example 
15 I, It was hydroly^ by introducing a 45% KOH solution at a rate of 11.8 ml/mm. w 
for 30 minutes. 

Example IV 

The three products made in Examples I to III were field-teswi in a ^pa njiU 
making label paper. The basis weight on this grade was 44 Ib/3000 Ft* and the furn^ 
Oft used was a mixture of virgin hardwood and soft wood pulp. This was a tosm-s^, 20 
fiUed sheet. The alum loading in the system was 30—40 lb./ton and gave a wtate- 

waier pH of 4.1 to 4.4. , ^ . , 

The fillers used were TiO. and clay which were fed contmuoiKly to the swc* 
immediately prior to the head box. The three products were fed at 0.5 lb. r^on 
aid per ton of finished paper and yielded a 37% reduction in the amount of TiO. 
needS to meet a minimum opacity specification. Tests with and *^er«Httion 
aid showed no adverse effects on Mullen, tear, wax pidc, or brightness. There was no 
- - discemable diifeioice in retentioa between the three products. 

Example V kk^ 
an 1%-hydiolysed terpolymcr of aaylamide, DEDAAC and DMDAAC 

^ TWs Lanile w^id4tical to die preparation of Example I, except to it ^ 

Iqrdiolysed to mie^sndi the extent of Example I. e.g. by pumping a 20/, KOH 

sdinicm imn Ae polymer solution at a rate of 2.6 ml/mm. 

EXAMPI'E VI 

35 The product made in Example V was field-tested in a papa- Pf°«: ^5 

^ ing grade paper. The fumish used in the paper vras 1 : 1 mix of Weadiedgmimd«^ 
and bleached kraft The fiUer used was clay and Ae sj-stem pH was 3.9-4.1 ad^B^cd 
widi H.SO«. There was Ktdc or no alum in the system. On&-pass fiUer menuon 
taoUsed frSm 15% to 34% with the addition of 0.2 lb/ton, an increase of 56%. 
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Example VII 

50%-hydrolysed terpolymer of aayiamide, DMDAAC, and DEDAAC 

In this case^ a polymer was made consisting of 70% acrylamid^ 1S% DEDAAC, 

and 28.5% DMDAAC following the general polymerization procedure set out above. 

It was hydrolysed to die extent of 50% of die quaternary ammonium by intiDdudng 

to the polymer solution a 20% KOH solution at a rate of 76 ml/min. for 30 minutes. 

The batch was then hdd for 2 hours at 60° C and drum dried. 

Example VIII 

The polymer produced in Example VII was used as a retention aid an the 
laboratory production of a typical bond paper using a valley handshcet madiinc to 
make a sheet 42 Ib/3000 sq. ft The filler used was TiO. at 10% based on die 
weight of furnish (bleached sulfite). The retention aid was added to the wet pulp slurry 
corre^onding to a head-box addition in an amount equivalent to 1/2 pound of the 
retention aid per ton of dry pulp. In this series of laboratory C3q>eriments differwft 
amounts of alum were used to determine the effea of changes in alum loading luxm 
retention. Results are shown in the following table. 
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Table III 



Percent Retention of TiOg (pH — 4.7, adjusted witb H^SO^) 



0 lb/ton 
alum 



20 lb/ton 
alum 



40 lb/ton 
alum 



80 lb/ton 
alum 



Widi 










retention aid 


62% 


75% 


88% 


86% 


Without 










retention aid 


45% 


52% 


66% 


63% 



was formed from 



Example IX 

A mcxiomer mixture of 20% total solids in aqueous solutu 
the following monomers : 

60 parts of dimethyl-diallyl-ammonium chloride 
40 parts of actylamide. . 

The redox polymerization catalyst qretem set forth in Example I was added to 
this mcmomer solution, and polymerization was effected at 59° C for about one hour. 
The amide groups in the resultant polymer were hydrolysed by a 20% solution of 
sodium hydroxide^ at a temperature of about 60° C for 2i hours. The resultant 
high-moleodar-weight water-soluble amphoteric polymer was used as a retention aid 
in the production of bond paper, and exhibited good retention and drainage properties 
with little or no change in these properties caused by varying either pH or alum 
loading. The hydrolysed polymer contained units of formulae 



I 

NH2 



I 



Y-hW 

where was 40/60, and X/W was 10/0.8. 
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Example X 

EKallyl-dimethyl-ammonium chloride (38 parts by weight), acrylamide (60 parts 
by weight), and diallyl-metfayl-bcta-propionamido-ammomum diloride (2 pans by 



35 



8 



1,265,496 



8 



10 



15 



20 



25 



30 



weight) were dissolved in an aqueous solution at a total solids concentrati<m of 25%. 
To this solution a redox polymerization catalyst composed of an aqueous solution of 
(NH4)sS20s and NasSA^ added and allowed to react to completion, the tempera- 
ture was~ held at about 60*^ C for about an hour. An aqueous solution of a water- 
soluble polymer was formed contained units of formulae 



X L 



\'0 
Wi2 



Y L 



hip 



where the ratio (X+Z): Y was 40: 60, and the ratio of Z: X was 2: 38. 

The base polymer was hydrolysed by treating the same with an appropriate 
amount of a 1573 solids potassium hydroxide solution at a temperature of about ^® C 
for about 2 hours, and the resulting hydrolysed polymer contained imits of formulae 



CH2 



I 

oo 



I 

CH, 



z L 



he 



w 



where the ratio of X+Z/W was 10/1.8. 

This pardally hydrolysed polymer is useful as a retention aid. 

WHAT WE CLAIM IS: ^ „^ . 

1. A method of improving the retention of inorganic filler and fine ceuulosic 
material in the production of paper that comprises adding to an aqueous paper pulp 
suspension a linear amphionic copolymer of molecular weight at least 10000 having 
units of the general formulae : 



1 1 

- -en^-cH CH- 




1 

<^ 






L i 






p 


X 







in which each of R and R', which are similar or dissimilar, is a C,-i, alkyl, y?-pro- 
pionamide or carboxymetiiyl radical and at and y are such that (a?+y): x lies withm 
the range obtained by copolymerizing acrylamide and a diallyl-quateroary-ammomum 
chloride of formula : 



(CHs — CH— CH; 



R 

I 

R' 



Cl- 



in a weight ratio of from 3:7 to 7:3, is from 100: 1 to 2: 1 and is an 

alkali-metal or ammonium cation. 

2. A metfiod as claimed in claim 1 in which the diallyl-quatcmary-ammomum 
chloride is a mixture of substantially 95% by weight dimetfiyl-diallyl-ammomum 
chloride and substantiaUy 5% by weight dietiiyl-diallyl-ammonium chloride die ra&o 
of acrylamide to die said mixture is about 1 : 1, and *: w is about 10: 1. 
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3. A method as claimed in daim 1 ot 2 in whidi the copolymer is added at a rate 
Of about OJ to 5 pounds copolymer per ton of dry pulp. 

4. A method as claimed in daim 1 or 2 in which about 0.1 pound of the copoly- 
mer is added per ton of dry pulp. "KWiiuxy 

^-1 J' «5 daimed in any one of claims 1—4 in which the copolymer is 

added to the aqueous pq>er pulp suspension before it is deposited on a formLg surface 
to form a contmuous aqueous paper sheet. 

6. A mediod as daimed in claim 1, substantially as described in any one of 
Examples I, IV, VI and VIIL ^ 

7. A method as daimed in daim 1, in which the polymer is obtained by a process 
substantially as described in any one of Examples I, II, III, V, VII, IX and X. 

8. Paper whose preparation comprises a mediod as daimed in any <«e of the 
preoedmg claims. 
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